It is well known that the current of molecular junctions should fall off exponentially with wire length, according to the quantum tunneling scheme and some experimental and theoretical results 1 . However, in our study, with molecular length increasing (n>3), the current values of the OPE molecular junctions increase, rather than decrease. To understand the controversy, we examined the conductance of the molecules with highly conjugated/delocalized π electrons, whose frontier orbitals lie close to the Fermi level of the metal electrodes. We found that their conductance is high and varies with molecular length differently from the quantum tunneling scheme.
We note that we chose the rectification ratio at the bias of 0.6 V to classify these Au-OPE-Pt junctions is for both typical and specific purposes. Within the [0.0, 1.0] V bias range, the rectification is not so obvious under lower bias, and is somewhat peculiar under higher bias due to non-monotonic variation in the region lower than -0.8 V, especially for molecules with rings number of n=5 and 6 (see Figure 2 (a)). We just took the current and rectification values at the intermediate bias of 0.6 V as a representative example, to understand the variation of current-voltage properties with the molecular length. Table S1 shows the spatial distributions of the perturbed frontier molecular orbitals for the molecular junctions (n=2:6) at 0.0 V bias voltage. The region of the plot of the molecular orbital profile includes the molecular core and the nearest 3 metal atoms.
Due to the dominant role of occupied molecular orbitals in electronic transport, we focus on the HOMO and HOMO-1 of these systems, especially the HOMO. From Table S1 , it can be seen that as length increases, the coupling between molecule and electrodes makes less of a contribution to the overall HOMO, and the spatial distributions of the HOMO become well proportioned, meaning that the effect of the asymmetric electrodes weakens. Consequently, the rectification arising from the asymmetric electrode becomes less remarkable with molecule lengthening, further confirming our earlier conclusion. Table S2 shows the spatial distributions of the frontier molecular orbitals for the OPE free molecules without and with Et side groups, as contained in M3 and M1, respectively. It can be seen that the Et side groups lead to a variation of the π orbitals in the OPE molecule, and modulate its spatial distribution. The asymmetric introduction of the side group leads to an asymmetric electronic structure, inducing the different responses of M1 and M3 to positive and negative bias voltage. Besides the difference in rectification direction, the calculated current values are larger than those in the experiment 4 . The discrepancy can be attributed to the different configurations of devices in the simulation from those in experiment. In the experiment, the nanogaps between Au and Pt electrodes are about 3.0 nm, with diameters of electrode surface being 360 nm. While in our simulation, the OPE molecules are perpendicular to the surface of electrodes, i.e. z-axis, and the relaxed distance of M1 between two electrodes surfaces is about 3.8 nm, larger than the nanogaps reported in the experiment. So, we can deduce that the molecules in the experiment are most likely to be tilted, bridging two electrodes. The tilting of the molecule can have several consequences. First, the molecule axis is no longer vertical to the electrodes surface, inducing another component of current along the directions parallel the electrode surfaces. So, the current measured is only one component on the transport direction. Second, the intrinsic well delocalized π orbitals may be destructed with the tilting of molecules, which also contributes to the current reduction. Third, the narrower nanogap between two electrodes gives a shorter tunneling distance, which in turn increases the current. The competition among these factors makes it difficult to determine which one dominates in the real transport process. In contrast, the models in our simulation are ideal, with molecules vertical to the surface of electrodes, exactly along transport direction. Understandably, the difference in the model can induce considerably different physical properties. So, this difference of current values can be understood from the differences between our models and the experimental electrodes. Besides, the DFT+NEGF method is also responsible for the overestimated current due to the underestimation in HOMO-LUMO gap calculations.
Several literature articles studying the same kind of molecule sandwiched between metal electrodes are supportive to the reliability of our results. Bauschlicher and Lawson 5 studied the phenylene ethynylene oligomers between two Au surfaces computed using a density-functional-theory-Green's-function approach. Their results are in agreement with the experimental results 6 , demonstrating the reliability of DFT.
Although they used different methods from ours, the alignment of frontier molecular orbitals of the OPE molecule relative to the metal Fermi level (see their FIG. 3 ) is similar to our calculated results. As to the discrepancy between our calculated results and the experimental ones, we attribute it to the size effect of metal electrodes as described above.
GGA is used to describe the systems in our calculations, because our systems consist of elements or bonds which have been dealt with in many previous successful GGA calculations.
